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Three related experiments were conducted at the proton radiography (pRad) facility to explore
the interfacial dynamics between two sliding materials. A drawing of the apparatus used in these
experiments can be seen in Figure 1.

These experiments used a tantalum yer launched by a high-explosive plane-wave lens to impact
the at end of a right circular cylindrical target consisting of a core of tantalum in an aluminum
shell. The purpose of the experiment is to study the shock dynamics in the vicinity of the Ta/Al
interface as the impact produced shock travels along the interface. The experiments differ in the
targets used (shown in Figure 4). The targets along with the the identi ers and dates for the three
shots are listed in Table 1.

pRad 645 H4971| LNSC-25709| 11/08/2016| Alt 1 Target
pRad 646| H4972 | LNSC-25710| 11/09/2016| Alt 2 Target| small Ta diam.
pRad 647 H4997 | LNSC-25711| 11/10/2016| Alt 2 Target| large Ta diam.

Table 1: Identi ers, dates and targets for interfacial dynamics experiments. The last column refers
to which side of an Alt 2 target is impacted by the tantalum yer (see Figure 4).

Twenty-one proton radiographs were collected in each experiment, the relative timing of which
are listed in Tables 2 and 3. The images were taken with the identity lens so they had a eld
of view approximately 12 cm by 12 cm. The eld of view was placed such that it was centered
approximately halfway along the central axis of the target but offset to one side so that it roughly
coincided with the interface between the two target materials. A ducial, shown as parts 5 and 6
on Figure 2, is visible along the edge of each radiographic image for reference.

Sixteen PDV (photon doppler velocimetry) probes were deployed to observe the ight of the yer,
the impact of the yer on thin foils coplanar with the surface of the target and the emergence of the
shock from the opposite end of the target. The layout of the probes are shown in Figure 3.

The tantalum material used in the targets is 99.95% pure; a quote for the material is found in Figure
5 and the material certi cation in Figure 6. The aluminum material used in the targets was of the
6061-T6 alloy; no material certi cations were obtained for these components.

Drawings for the components used in the apparatus can be found starting in Figure 7. Unfortu-
nately, drawings for the P100 lens (part 7 in Figure 2) are not available. It is expected the velocity
of the yer will be around 3 to 4 mm/s at impact. Photographs taken from the three experiments
prior to ring can be found following Figure 16.
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Image| Time ( s) | Cameral| Image| Time ( s) | Cameral| Image| Time ( s) | Camera
1 0.00 1 8 3.50 I 15 7.50 J
2 0.50 K 9 4.00 L 16 8.25 M
3 1.00 N 10 4.50 O 17 9.00 P
4 1.50 H 11 5.00 R 18 9.75 9
5 2.00 T 12 5.50 U 19 10.50 2
6 2.50 Q 13 6.00 8 20 11.25 S
7 3.00 7 14 6.75 Y 21 12.00 3

Table 2: Camera times for shot pRad 645. The time for the rst camera was set to 36a0ter
the reset CVR signal was generated. The goal was to have the rst image taken S&fer
detonator breakout.

Image| Time ( s) | Camera| Image| Time ( s) | Cameral| Image| Time ( s) | Camera
1 0.00 1 8 3.50 I 15 7.00 J
2 0.50 K 9 4.00 L 16 7.50 M
3 1.00 N 10 4.50 O 17 8.25 P
4 1.50 H 11 5.00 R 18 9.00 9
5 2.00 T 12 5.50 U 19 9.75 2
6 2.50 Q 13 6.00 8 20 10.50 S
7 3.00 7 14 6.50 \Y 21 11.25 3

Table 3: Camera times for shots pRad 646 and pRad 647. The time for the rst camera was set to
34.55 s after the reset CVR signal was generated. The goal was to have the rst image taken

31.8 s after detonator breakout.
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Figure 1: Dimensions of interfacial dynamics experiment assembly.
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Figure 3: PDV probe layout for interfacial dynamics experiment.
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Figure 4: Target assemblies of interfacial dynamics experiment.
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Quotatior

178 West Park Court, Talbott, TN 37877 | Quote Numper 15244 |
(423) 586-8738 .

Fax (423) 586-7456mall Business / Women Owned | Date | 7/14/201}3

www.eaglealloys.com

Sold To

Los Alamos National Laboratory

Sales Contact:
Rachael Bowlin

email inv.
cjvigil@lanl.gov 1-800-237-9012 ext. 28
email: rachael@eagleal|oys.
Sales Rep Payment Terms Lead Time FOB
Net 30 subject to credit appprov - ~
RLB We accept all major credit :ardzé.h'p in 1-2 Dgys TN
Item N¢.Quanti U/m Description Unit Pric Total
99.95% Tantalum Rod
per ASTM-B-365 RO5200
Annealed
DFARS Compliant (Not a Specialty Mefal) Import
0001 1 ea 0.875"Dia x 12"lg min. 2,p50.00 21950.0
0002 1 ea 1"Dia x 12.625"Ig 3,p22.00 31222.0
+Shipping
Stock material is subject to prior sale
Hpfnium * olybdenjum * Niobium * Tantalum * Tungsten * Zircojnium * 4047 4| 4032 *|Invar|* Kovs
NQTE Eag|le Alloys|certification supplied with all above materifals including |mill LotfHeat|Batch
Custom or cut items CANNOT be returned OTQ?GI‘@?"“' $6.172.00
Material subject to prior sale. Items are gijoupe or pricing.

Figure 5: Quote for tantalum used in targets.
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Figure 6: Material certi cation for tantalum used in targets.
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Figure 7: Component drawing.
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Figure 8: Component drawing.
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Figure 9: Component drawing.
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Figure 10: Component drawing.
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Figure 11: Component drawing.
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Figure 12: Component drawing.
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Figure 13: Component drawing.
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Figure 14: Component drawing.

Page 16 of 64

UNCLASSIFIED



March 1, 2017 U NCLASSI FI ED Doc. Number

ol
o
Qs
o w
€9 [y,
8w =3 |7
< R
2E | g%
3 &
= sl
-4
o |
s = [
g - =z
g a |2
R B =
H 8 o © i
5 g ¥_= |2
s 5459 819, |2
£ g%ix 2 >
o 5 9U%¥% <
& S¥Xx% =
o <
o £
e
< E
23
™ )
Q o Q
Q. Qb =
—e =
~
<o)
= &
& ©
o
S
Q
[Te)
W
-
<<
O
7]

Figure 15: Component drawing.
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Figure 16: Component drawing.
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Figure 17: Photo of pRad 645 shot assembly by Alan Novak
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Figure 18: Photo of pRad 645 shot assembly by Alan Novak
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Figure 19: Photo of pRad 645 shot assembly by Alan Novak
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Figure 20: Photo of pRad 645 shot assembly by Alan Novak
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Figure 21: Photo of pRad 645 shot assembly by Alan Novak
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Figure 22: Photo of pRad 645 shot assembly by Alan Novak
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Figure 23: Photo of pRad 645 shot assembly by Wendy Vogan McNeil
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Figure 24: Photo of pRad 645 shot assembly by Wendy Vogan McNeil
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Figure 25: Photo of pRad 645 shot assembly by Wendy Vogan McNeil
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Figure 26: Photo of pRad 645 shot assembly by Wendy Vogan McNeil
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Figure 27: Photo of pRad 645 shot assembly by Wendy Vogan McNeil
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Figure 28: Photo of pRad 645 shot assembly by Wendy Vogan McNeil
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Figure 29: Photo of pRad 645 shot assembly by Wendy Vogan McNeil
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Figure 30: Photo of pRad 645 shot assembly by Wendy Vogan McNeil
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Figure 31: Photo of pRad 645 shot assembly by Wendy Vogan McNeil
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Figure 32: Photo of pRad 645 shot assembly by Wendy Vogan McNeil
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Figure 33: Photo of pRad 645 shot assembly by Wendy Vogan McNeil
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Figure 34: Photo of pRad 645 shot assembly by Wendy Vogan McNeil
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Figure 35: Photo of pRad 645 shot assembly by Wendy Vogan McNeil
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Figure 36: Photo of pRad 646 shot assembly by Alan Novak
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Figure 37: Photo of pRad 646 shot assembly by Alan Novak
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Figure 38: Photo of pRad 646 shot assembly by Alan Novak
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Figure 39: Photo of pRad 646 shot assembly by Alan Novak
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Figure 40: Photo of pRad 646 shot assembly by Alan Novak
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Figure 41: Photo of pRad 646 shot assembly by Wendy Vogan McNeil
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Figure 42: Photo of pRad 646 shot assembly by Wendy Vogan McNeil
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Figure 43: Photo of pRad 646 shot assembly by Wendy Vogan McNeil
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Figure 44: Photo of pRad 646 shot assembly by Wendy Vogan McNeil
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Figure 45: Photo of pRad 647 shot assembly by Alan Novak
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Figure 46: Photo of pRad 647 shot assembly by Alan Novak
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Figure 47: Photo of pRad 647 shot assembly by Alan Novak
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Figure 48: Photo of pRad 647 shot assembly by Alan Novak
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Figure 49: Photo of pRad 647 shot assembly by Alan Novak
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Figure 50: Photo of pRad 647 shot assembly by Alan Novak
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Figure 51: Photo of pRad 647 shot assembly by Alan Novak
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Figure 52: Photo of pRad 647 shot assembly by Alan Novak
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Figure 53: Photo of pRad 647 shot assembly by Alan Novak
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Figure 54: Photo of pRad 647 shot assembly by Alan Novak
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Figure 55: Photo of pRad 647 shot assembly by Alan Novak
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Figure 56: Photo of pRad 647 shot assembly by Wendy Vogan McNeil
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Figure 57: Photo of pRad 647 shot assembly by Wendy Vogan McNeil
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Figure 58: Photo of pRad 647 shot assembly by Wendy Vogan McNeil
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Figure 59: Photo of pRad 647 shot assembly by Wendy Vogan McNeil
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Figure 60: Photo of pRad 647 shot assembly by Wendy Vogan McNeil
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Figure 61: Photo of pRad 647 shot assembly by Wendy Vogan McNeil
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Figure 62: Photo of pRad 647 shot assembly by Wendy Vogan McNeil
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